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FOREWORD 


In  1984,  Buzzards  Bay  was  one  of  four  estuaries  in  the  country- 
chosen  to  be  part  of  the  National  Estuary  Program.   The  Buzzards 
Bay  Project  was  initiated  in  1985  to  protect  water  quality  and 
the  health  of  living  resources  in  the  bay  by  identifying  resource 
management  problems,  investigating  the  causes  of  these  problems, 
and  recommending  actions  that  will  protect  valuable  resources 
from  further  environmental  degradation.   This  multi-year  project, 
jointly  managed  by  United  States  Environmental  Protection  Agency 
and  the  Massachusetts  Executive  Office  of  Environmental  Affairs, 
utilizes  the  efforts  of  local,  state,  and  federal  agencies,  the 
academic  community  and  local  interest  groups  in  developing  a 
Master  Plan  that  will  ensure  an  acceptable  and  sustainable  level 
of  environmental  quality  for  Buzzards  Bay. 

The  Buzzards  Bay  Project  is  focusing  on  three  priority  problems: 
closure  of  shellfish  beds,  contamination  of  fish  and.  shellfish  by 
toxic  metals  and  organic  compounds,  and  high  nutrient  input  and 
the  potential  pollutant  effects.   By  early  1990,  the  Buzzards  Bay 
Project  will  develop  a  Comprehensive  Conservation  and  Management 
Plan  to  address  the  Project's  overall  objectives:  to  develop 
recommendations  for  regional  water  quality  management  that  are 
based  on  sound  information,  to  define  the  regulatory  and 
management  structure  necessary  to  implement  the  recommendations, 
and  to  educate  and  involve  the  public  in  formulating  and 
implementing  these  recommendations. 

The  Buzzards  Bay  Project  has  funded  a  variety  of  tasks  that  are 
intended  to  improve  our  understanding  of  the  input,  fate  and 
effects  of  contaminants  in  coastal  waters.   The  Project  will 
identify  and  evaluate  historic  information  as  well  as  generate 
new  data  to  fill  information  gaps.   The  results  of  these  Project 
tasks  are  published  in  this  Technical  Series  on  Buzzards  Bay. 


This  report  represents  the  technical  results  of  an  investigation 
funded  by  the  Buzzards  Bay  Project.   The  results  and  conclusions 
contained  herein  are  those  of  the  author (s) .   These  conclusions 
have  been  reviewed  by  competent  outside  reviewers  and  found  to  be 
reasonable  and  legitimate  based  on  the  available  data.   The 
Management  Committee  of  the  Buzzards  Bay  Project  accepts  this 
report  as  technically  sound  and  complete.   The  conclusions  do  not 
necessarily  represent  the  recommendations  of  the  Buzzards  Bay 
Project.   Final  recommendations  for  resource  management  actions 
will  be  based  upon  the  results  of  this  and  other  investigations. 
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INTRODUCTION 


This  bibliography  was  prepared  as  part  of  the  U.S.  EPA 
Buzzards  Bay  Project  by  staff  members  of  the  Barnstable  County 
Health  and  Environmental  Department.  Although  the  original  intent 
in  compiling  this  literature  was  for  use  in  preparing  a  report  on 
the  investigation  of  coliform  sources  in  Buttermilk  Bay,  it  was 
realized  that  annotations  of  the  literature  used  therein  could 
serve  as  summary  of  the  state  of  knowledge  relative  to  enteric 
bacteria  and  virus  survival  in  the  marine  environment.  In 
addition  to  literature  relative  to  this  specific  subject, 
research  on  the  survival  and  entrainment  of  biological  components 
of  sanitary  wastes  in  groundwater  is  included  so  that  the 
implications  of  on-site  subsurface  sewage  disposal  systems  near 
surface   waters    could   be   appraised. 

In  considering  environmental  studies  involving 
bacteriological  monitoring,  there  are  at  least  two  basic  concepts 
which  should  be  understood  by  the  reviewer.  Most  importantly, 
the  concept  of  an  indicator  organism  should  be  clearly 
understood.  Regarding  water  quality  in  shellfish  harvesting 
areas,  the  density  of  a  biological  indicator  organisms  has 
historically  been  the  basis  for  many  of  our  conclusions  regarding 
water  quality.  An  indicator  organism  is  a  biological  component 
(virus  or  bacteria)  which  has  been  shown,  in  its  occurrence,  to 
exhibit  a  correlation  with  the  occurrence  of  another  organism  or 
set  of  organisms.  In  shellfish  harvesting  areas,  this 
correlation  is  with  the  enteric  pathogens.  Indicator  organisms 
are  necessary  due  to  the  fact  that  direct  measurement  of  the 
many  pathogens  is  precluded  by  the  lack  of  cost-effective 
reliable  methods  for  enumeration.  In  addition  to  the  availability 
of  enumeration  techniques,  the  existence  of  a  large  number  (over 
100  enteric  pathogenic  viruses  alone)  of  agents  renders  their 
direct   measurement   impractical. 

There  is  no  doubt  that  the  current  indicator  system  used  in 
Massachusetts  and  many  states  (fecal  coliform)  has  been  the 
subject  of  much  controversy.  The  issue  can  generally  be 
dissected  into  questions.  Initially,  the  question  of  fecal 
specificity  arises.  The  fecal  coliform  group  contains  some 
organisms  (notably  thermotolerant  Klebsiella  sp.)  which  have  been 
shown  in  papers  reviewed  herein  to  be  non-fecal  specific.  The 
second,  and  more  complex  issue,  is  the  use  of  the  indicator 
applied  in  situations  where  non-point  source  pollution  has  been 
shown  to  be  the  primary  cause.  There  is  a  notable  lack  of 
epidemiological  studies  linking  the  occurrence  of  enteric 
diseases  with  impact  by  non-point  sources.  Despite  these 
shortcomings,  it  is  evident  that  the  present  indicator,  fecal 
coliform,  will  continue  to  be  used  until  such  time  as  the  body  of 
scientific    investigation    presents    an   adequate   alternative. 


An  additional  aspect  of  reviewing  the  studies  herein  could 
best  be  expressed  by  these  authors  as  a  cautionary  note.  It  is 
important-  to  understand  that  there  are  many  variables  affecting 
the  survival  of  enteric  pathogens  and  indicator  organisms  in 
groundwater  and  the  marine  environment.  This  fact,  and  the  fact 
that  enumeration  techniques  for  many  enteric  pathogens  have 
undergone  significant  improvements  in  recent  years  should  compel 
the  reviewer  to  consider  the  date  of  the  study  reviewed  and  site- 
specific  variables  which  may  make  direct  transference  of 
conclusions  to  another  study  area  inappropriate.  This  can 
clearly  be  seen  when  reviewing  information  on  viruses.  The  field 
of  environmental  virology  is  still  in  its  embryonic  state,  and 
enumeration/culture  techniques  of  recent  years  have  far  surpassed 
those  of  prior  years  rendering  some  comparisons  inappropriate 
based    simply    on    the    date    of     the    study. 

For  ease  of  reference,  the  bibliography  is  broken  into 
several  sections:  bacterial  and  viral  survival  and  transport  in 
marine  waters;  bacteria  and  virus  survival  and  transport  in 
groundwater;  effect  of  stormwater  on  bacteriological  quality  of 
coastal  water;  effect  of  waterfowl  bacteriological  quality  of 
coastal  water;  and  effect  of  marine  craft  usages  on 
bacteriological  quality  of  coastal  water.  Each  section  includes 
both  historical  work  and  current  research  on  parameters  affecting 
water  quality.  The  brief  annotations  are  intended  to  summarize 
the  results  of  each  study  and  allow  readers  to  identify  those 
papers    they    wish    to   read    in    greater    depth. 


We  express  our  gratitude  to  members  of  a  number  of  state  and 
federal  agencies,  who  through  the  process  of  report  review  and 
interest  have  forwarded  to  us  some  of  the  ar ticlespresen ted 
herein.  Dr.  James  Vaughn  of  the  Brookhaven  National  Laboratory, 
whose  work  is  reviewed  herein,  provided  for  an  important  initial 
insight  into  the  issue  of  entrainment  of  enteric  organisms  in 
groundwater  both  through  correspondence  and  supplying  us  with 
copies  of  relevant  work  in  the  area.  Ira  Somerset  of  the  United 
States  Food  and  Drug  Administration  following  review  of  our 
initial  reports  in  Buttermilk  Bay  pointed  us  toward  some  of  the 
"gray"  literature  on  marine  craft  usage  and  also  fecal  indicator 
survival  in  the  marine  environment  literature.  We  also  thank  the 
numerous  shellfish  wardens,  biologists,  members  of  the  Shellfish 
Sanitation  Program  of  the  southeastern  region  of  D.E.Q.E.  and 
interested  individuals  who  periodically  dug  through  their  files 
for    literature    supporting    this   project. 

We   hope   this  list  will  serve   as  a  good   introduction  to   the 
existing    scientific    literature    and    will    assist    the    reader    in 
identifying     sources    of     information    which     can    be    applied    to 
maintain  and   improve   our   coastal    water   quality. 


BACTERIA  AND  VIRUS  SURVIVAL  AND  TRANSPORT  IN  MARINE  WATERS 


Akin,  E.  W.,  W.  F.  Hill,  Jr.,  G.  B.  Cline  and  W.  H.  Benton. 
1976.  The  loss  of  poliovirus  1  infectivity  in  marine  waters. 
Water  Research.  10:59-63. 

Poliovirus  1  showed  a  typical  loss  of  3  logs  of  infectivity  in  3- 

5  days  at  24  C  in  marine  water  from  Gulf  of  Mexico.  Viral  infec- 
tivity loss  occurred  in  raw,  filter-sterilized  and  autoclaved 
marine  water  and  artificial  seawater  1,10,20  g/kg  salinity. 

6  f  igs.  1  4  re  f  s. 


Bellair,  J.  T. ,  G.  A.  Parr-Smith  and  I.  G.  Wallis.  1977. 
Significance  of  diurnal  variations  in  fecal  coliform  die-off 
rates   in    the   design   of    ocean    outfalls.    JWPCF    49:2022-2030. 

Light  is  reported  to  be  an  important  factor. in  reducing  fecal 
coliform.  Time  required  for  fecal  coliform  density  to  decrease  by 
90%  (T-90)  varied  from  a  max  of  40  hrs  during  the  night  to  1.9 
hours  just  before  noon.  Equation  for  T-90  and  light  intensity 
given:  T-90  =  3.4  x  i~°«42  where  I=hourly  solar  radiation  in 
MJ/m2        10    figs.,    10   re fs. 


Bitton,  G.,  R.  Fraxedas  and  G.  E.  Gifford.  1979.  Effect  of 
solar  radiation  on  poliovirus:  preliminary  experiments.  Water 
Research   13:225-228. 

Solar  radiation  was  found  to  have  some  inactivating  effect  on 
poliovirus  type  1  in  the  absence  of  any  natural  or  synthetic 
photosensitizing  agent.  Photoinactivation  of  poliovirus  in  lake 
water  was  retarded  by  the  presence  of  blue-green  algae.  Light 
inactivation  was  less  important  at  a  depth  of  6  inches.  Clay 
displayed  a  protective  effect  against  light  and  thermal  deactiv- 
ation.   5   figs.,    15  refs. 


Borrego,  J.  J.  and  P.  Romero.  1985.  Coliphage  survival  in 
seawater.       Water   Resources    19:557-562. 

Maximum  coliphage  inactivation  was  observed  in  both  untreated 
natural  and  heavily  polluted  marine  waters;  coliphages  showed 
maximum  resistance  to  inactivation  in  filtered  and  autoclaved 
clean   and    polluted    seawater.    In    vitro   study.       6    figs.,    35    refs. 


Borrego,  J.  J.,  F.  Arrabal,  A.  de  Vicente,  L.  F.  Gomez,  P. 
Romero.  1983.  Study  of  microbial  inactivation  in  the  marine 
environment.   JWPCF   55:297-302 

Coliphages  showed  greater  resistance  to  marine  environment  than 
their  bacterial  host,  E.col i.  Rate  of  bacterial  inactivation  in 
descending  order  was:  total  coliforms  (inactivated  soonest), 
fecal  coliform,  Salmonella-Shigella,  coliphages  and  fecal 
streptococci.  6  figs,,  19  refs. 


Carlucci,  A.  F.  and  D.  Pramer.  1959.  Factors  affecting  the 
survival  of  bacteria  in  seawater.  J^_  Appl.  M  icrobiol..  7:388- 
392. 

Literature  review;  58  references  for  work  prior  to  1959.  Reviewed 
effects  of  1 )adsorption/sedimentation;  2)sunlight--bacteria  died 
rapidly  in  shallow  layers  of  seawater  exposed  to  midsummer  sun- 
light; the  lethal  effect  did  not  extend  >  20  cm.;  3)lack  of 
nutrients--  organic  nutrient  addition  decreased  death  rate  of  E. 
coli.;  4)  toxic  substances;  5)  bacteriophages  and  predators; 
6) sterilization. 


Chamberlin,  C.E.  and  R.  Mitchell.  1978.  A  decay  model  for  enteric 
bacteria  in  natural  waters.  pages  325-348  In:  R.  Mitchell,  ed. 
1978.  Wa  ter  Pollution  M  icrobiology  Volume  2.  John  Wiley  and 
Sons,  Inc.  New  York. 

Literature  review  of  the  factors  affecting  coliform  die-off 
rates.  Light  intensity  is  single  most  important  factor  in 
bacterial  die-off.   61  refs. 


Coleman,  R.  N.,  J.  N.  Campbell,  F.  D.  Cook  and  D.  W.  S.  Westlake. 
1974.  Urbanization  and  the  microbial  content  of  the  north  Saskat- 
chewan River.   Appl.  Environ.  Microbiol.  27:93-101. 

The  major  effect  of  small  unsewered  towns  along  the  river  is  to 
supply  nutrients  which  support  growth  of  indigenous  river  flora. 
The  effect  of  large  urban  centers,  which  release  primary  and 
secondary  sewage,  is  to  provide  nutrients  and  an  innoculum  of  E. 
coli.   14  figs.,  13  refs. 


Davenport,  C.  V.,  E.  B.  Sparrow,  and  R.  C.  Gordon.  1976.  Fecal 
indicator  bacteria  persistence  under  natural  conditions  in  an 
ice-covered  river.   Appl.  Environ.  Microbiol.   32:527-536. 

After  7.1  days  at  0  C  under  ice  cover,  the  relative  survival  rate 
was  total  coliform  <fecal  coliform  <fecal  strep  with  8.4%,  15.7% 


and  32.8%,  respectively,  of  the  initial  populations  remaining 
viable.  These  rates  are  higher  than  previously  reported  and 
suggest  that  survival  rate  is  best  at  0  C  under  ice  cover.  MPN 
and  MF  techniques  did  not  provide  comparable  results  near  the 
pollution  source.   11  figs.,   44  refs. 


Edmond,  T.  D.,  G.  E.  Schaiberger,  and  C.  P.  Gerba.  1978. 
Detection  of  enteroviruses  near  deep  marine  sewage  outfalls. 
Marine  Pollution  Bulletin  9:246-249. 

Human  enteric  viruses  are  present  in  significant  numbers  around 
non-treated  sewage  outfalls  as  well  as  in  secondarily  treated, 
chlorinated  sewage  outfalls.  Average  viral  concentration  was 
only  1-2  log-^Q  less  at  outfalls  discharging  chlorinated  effluent 
than  at  outfalls  discharging  untreated  effluent.  3  figs.,  19  refs 


Faust,  M.  A.   1976.    Coliform  bacteria  from  diffuse  sources  as 
a  factor  in  estuarine  pollution.  Water  Research  10:619-627. 

A  rural  watershed  area  of  849  ha,  with  an  animal  population  of 
0.6  animal/ha,  discharged  between  7.5  x  10  and  669  x  10  fecal 
coli form/ha/day  to  the  estuary;  rate  was  seasonal  and  depended  on 
water  flow.  Persistence  of  bacteria  in  the  estuary  may  increase 
the  pollution  level  contributed  by  the  watershed,  especially  at 
low  temperatures.  Estimates  worked  out  for  dilution  volume  per 
hectare  of  farmland  necessary  to  meet  shellfish  standard  of  14  FC 
per  100  ml.   7  figs.,  35  refs. 


Faust,  M.  A.f  A.  E.  Aotaky  and  M.  T.  Hargadon.  1975.  Effect  of 
physical  parameters  on  the  in  situ  survival  of  Escherichia  coli 
MC-6  in  an  estuarine  environment.  Appl.  Environ.  MicrobioIT 
30:800-806. 

Survival  of  E^  coli  as  affected  by  time,  water  temperature, 
dissolved  oxygen,  salinity,  and  mont mor illoni te.  Relationship 
between  pairs  of  variables  was  studied.  Bacterial  survival 
varied  seasonally;  water  temperature  was  most  important  factor  in 
predicting  survival.   6  figs.,  25  refs. 


Fujioka,  R.  S.,  P.  C.  Loh  and  L.  S.  Lau.   1980.   Survival  of 

human  enteroviruses  in  the  Hawaiian  Ocean  environment:   evidence 

for  virus-inactivating  microorganisms.  Appl.  Environ.  Microbiol. 
39:1105-1110. 

Evidence  indicates  that  a  virus-inactivating  agent(s)  of  a  micro- 
biological nature  was  present  in  both  clean  and  sewage-polluted 
seawaters,  but  not  present  in  fresh  mountain  stream  waters. 


Antiviral  activity  was  lost  when  samples  were  subject  to  boiling, 
autoclaving  or  filtration  through  .22  or  .45  but  not  1.0  micron 
filter.  Data  suggest  that  antiviral  activity  of  seawater  was  is 
related  to  growth  activities  of  microorganisms.  8  figs.,  10  refs. 


Fujioka,  R.  S.,  H.  H.  Hashimoto,  E.  B.  Siwak  and  R.  H.  F.  Young. 
1981.  Effect  of  sunlight  on  survival  of  indicator  bacteria  in 
seawater.  Appl.  Environ.  Microbiol.  41:690-696. 

In  the  absence  of  sunlight,  fecal  coliform  and  fecal  strep  sur- 
vived for  days,  whereas  in  the  presence  of  sunlight  90%  of  FC 
and  FS  were  inactivated  within  30-90  min  and  60-180  min.,  respec- 
tively. Bactericidal  action  of  sunlight  penetrated  3.3  m  of 
clear  seawater  suggesting  visible  rather  than  UV  light  was 
responsible  .  FS  were  more  stable  than  FC;  T90  with  no  light 
was  21-48  h  for  FC  and  36-84  h  for  FS.  6  figs.,  15  refs. 


Gameson,  A. L.  H.  and  J. R.  Saxon.  1967.  Field  studies  on 
effect  of  daylight  on  mortality  of  coliform  bacteria.  Water 
Research  1:279-295. 

The  logarithm  of  the  coliform  count  was  found  to  decrease  fairly 
regularly  with  increase  in  the  cumulative  radiation.  Surface 
radiation  required  to  produce  90  %  mortality  increased  with 
advancing  season,  from  April  to  September.   12  figs.,  7  refs. 


Gerba,C.  P.  and  G.  E»  Schaiberger.  1975.  Effect  of  particulates 
on  virus  survival  in  seawater.  JWPCF  47:93-103. 

Data  demonstrates  a  loss  of  viral  titer  when  seawater  is  filtered 
or  centrifuged,  or  when  fine  clays  and  sediments  are  added  to 
seawater.  Presence  of  organic  matter  was  shown  to  cause  viral 
de-adsorption  from  clay  particles.  Data  suggests  that  viral 
survival  is  enhanced  by  viral  adsorbtion  to  suspended  particu- 
lates in  water.   13  figs.,   18  refs. 


Gerba,  C.  P.  and  J.  McLeod.  1976.  Effect  of  sediments  on 
survival  of  Escherichia  coli  in  marine  waters.  Appl.  Environ. 
Microbiol.  32:114-120 

Sediment  prolongs  survival  time  of  coliforms  in  marine  waters, 
and  at  times  can  support  coliform  growth.  Longer  survival  in 
sediment  attributed  to  higher  organic  content  of  sediment  than 
seawater.  There  were  sufficient  nutrients  in  the  sediments  in 
areas  of  sewage  effluent  discharge,  as  well  as  areas  free  from 
this  type  of  pollution,  to  support  bacterial  growth.  6  figs.,  20 
refs. 


Gerba  C.  P.,  S.  M.  Goyal,  E.  M.  Smith  and  J.  L.  Melnick.  1977. 
Distribution  of  viral  and  bacterial  pathogens  in  a  coastal  canal 
community.       Marine   Pollution   Bulletin   8:279-282. 

In  waters  receiving  secondarily  treated  sewage  effluent, 
generally  100-1000  times  more  coliform  and  10-100  times  more 
fecal  coliform  were  detected  in  the  sediment  than  in  the  water 
column.  Enteroviruses  also  in  greater  concentration  in  sediments. 
4    figs. ,    17   ref s. 


Gerba,  C.  P.,  J.  B.  Rose,  and  S.  N.  Singh.  1985.  Waterborne 
gastroenteritis  and  viral  hepatitis.  Cr i  t.  Rev.  Env.  Control 
15:213-236. 

Literature  review  of  epidemiological  work  on  these  two  diseases, 
including  information  on  viral  survival  in  the  environment.  5 
figs.,    167  ref s. 


Gorden,  R.  W.,  and  C.  B.  Fliermans.  1978.  Survival  and  viability 
of  Escherichia  coli  in  a  thermally  altered  reservoir.  Water 
Research  12:343-352. 

E.  coli  survived  and  grew  in  diffusion  chambers  in  both  aerobic 
and  anaerobic  portions  of  the  water  column  in  a  reservoir 
receiving  thermal  effluent.  E.  coli  survived  and  grew  for  2-3 
weeks  in  both  ambient  and  thermally  altered  water  at  each  depth 
tested.  Results  suggest  that  presence  of  E^  col i  is  not  an 
indicator    of    recent    fecal    contamination.      9    figs.,     29    refs. 


Goyal,    S.    M.       1984.      Viral    pollution   of    the    marine   environment. 
Crit.  Rev,   in  Env.  Control      14:1-3  2. 

Extensive  literature  review  of  viruses  in  marine  environment, 
including  information  on  waterborne  disease  outbreaks,  fate  and 
transport  of  viruses  in  the  environment,  and  methods  for  viral 
detection.  Discusses  need  to  reevaluate  coliform  index  in  view 
of  recent  information  on  waterborne  viral  illness.  20  figs., 
148  refs. 


Goyal,   S.   M.,   C.   P.  Gerba,   J.   L.    Melnick.      1978.      Prevalence   of 
human    enteric    viruses    in    coastal    canal    communities.       J WPCF 
50:2247-2256. 

Strong  positive  correlation  found  between  virus  concentration  in 
water  and  MPN  of  presumptive  total  coliforms  in  sediment.  Indi- 
cator bacteria  and  Salmonella  were  more  abundant  in  sediments 
than  overlying  waters.  No  correlation  between  virus   numbers   in 


overlying  waters  with  coliform  bacteria  indicators.  Sediments  may 
act  as  reservoirs  for  coliforms  and  viruses.   7  figs.,  46  refs. 


Goyal,  S.  M.,  C.  P.  Gerba  and  J.  L.  Melnick.  1979.  Human 
enteroviruses  in  oysters  and  their  overlying  waters.  Appl. 
Environ.  Microbiol.  37:572-581. 

No  significant  relationship  was  demonstrated  between  virus 
concentration  in  oysters  and  the  bacteriological  and 
physiochemical  quality  of  water  and  shellfish.  Greater  numbers 
of  bacteria  were  isolated  after  rainfall;  turbidity  was  related 
statistically  to  organic  content  and  fecal  coliform  number  in 
water.  Authors  postulate  this  may  be  due  to  the  release  of  sedi- 
ment bound  bacteria  into  the  water  column  after  rainfall.  Current 
bacteriological  standards  for  shellfish  waters  do  not  accurately 
reflect  occurrence  of  enteroviruses.   6  figs.,  44  refs. 
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Human  pathogenic  viruses  at  sewage  sludge  disposal  sites  in  the 
middle  atlantic  region.  Appl.  Environ.  Microbiol.  48:758-763. 

Human  enteric  viruses  associated  with  sewage  sludge  disposal  were 
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viruses.  7  figs.,  31  refs. 


Grimes,  D.  J.   1975.   Release  of  sediment-bound  fecal  coliforms 
by  dredging.   Appl.  Microbiol.   29:109-111. 

Fecal  coliform  concentrations  increased  significantly  in 
vicinity  of  dredging  in  Mississippi  River;  disturbance  of 
sediments  by  dredging  results  in  release  of  sediment  bound 
coliforms.   3  figs.,  5  refs. 
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Wetland  Processes  (with  Emphasis  on  Modelling).  Plenum  Press, 
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decreased  in  nitrogen  fertilizer  factory  effluent.  A^  hydrophila 
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thus  indirectly  by  concentrations  of  nitrate,  phosphate  and 
organic  carbon.  Fecal  coliform  densities  were  significantly 
higher  at  outfall  and  downstream  from  both  effluents,  and 
frequently  exceeded  recreational  water  standards.  13  figs.,  35 
ref  s. 
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overlying  water.   Selected  strains  of  enterobacteriaceae  (includ- 
ing E.  coli )  were  able  to  utilize  these  nutrients.  7  figs., 
21  refs. 


Hendricks,  C.  W.  1971.  Increased  recovery  of  Salmonellae  from 
bottom  sediments  versus  surface  waters.  Appl  r~Micr  obi  ol. 
21:379-380. 
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water.  Appl.  Microbiol.  24:168-174. 
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water  below  a  sewage  outfall.  Maximum  growth  occurred  at  30  C, 
while  some  growth  occurred  at  20  and  5  C.  Generation  times  are 
given  for  individual  bacteria.   7  figs.,  25  refs. 


Hendricks,  C.  W.  and  S.  M.  Morrison.  1967.  Multiplication  and 
growth  of  selected  enteric  bacteria  in  clear  mountain  stream 
water.  Water  Resources.  1:567-576. 

Growth  of  enteric  bacteria,  including  E^  coli,  most  pronounced  at 
16  C.  River  bottom  sediment  extract  contained  enough  nutrients 
to  support  growth.   9  figs.,  11  refs. 


Herrmann,  J.  E.,  K.  D.  Kostenbader , Jr.  and  D.  0.  Cliver.  1974. 
Persistence  of  enteroviruses  in  lake  water.  Appl.  Environ. 
Microbiol.  28:895-896 

Two  enteroviruses  were  inactivated  more  rapidly  in  lake  than  in 
sterile  lake  water.  Virus  coat  proteins  were  degraded  and 
perhaps  used  by  microorganisms.  2  figs.,  6  refs. 
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1971.  Viral  disinfection  of  estuarine  water  by  UV.  Journal  Amer. 
Soc.  Civil  Eng.  SA  5:601-615,  ~~ 

UV  light  at  253.7  nm.  effective  in  deactivating  common  enteric 
viruses.   7  figs.,  34  refs. 
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and  Escherichia  coli  in  estuarine  waters  and  sedi  ments. 
Appl.~nviron.  "Microbiol .   43:578-585. 

Sediment  chambers  used.  For  V^  cholerae,  growth  and  extended  pe- 
riods of  survival  occurred  in  sterile  sediments,  sterile  waters 
and  non-sterile  waters,  but  not  in  non  sterile  sediments.   In 
contrast,  E.  col  i  decreased  rapidly  in  both  sterile  and  non- 
sterile  marine  waters.   Suggest  that  V.  cholerae  survives  better 
in  estuarine  waters  than  E.  coli.   9  fTgs.,  20  refs. 


Jensen,  P.,  A.  Rola,  and  J.  Tyrawski.   1979.  Tidal  wetlands  and 
estuarine  coliform  bacteria,  pp  385-399  in  Hamilton,  P.  and  K.  B. 
MacDonald,  eds.  Estuarine  and  Wetland  Processes  with  Emphasis  on 
Modelling 

High  concentrations  of  total  and  fecal  coliform  were  found  in 
estuarine  waters  which  had  large  areas  of  adjacent  tidal  wet- 
lands. Organic  nitrogen  exhibited  high  positive  correlation  with 
bacterial  numbers.  Tidal  wetlands  export  large  amounts  of 
organic  nitrogen;  authors  hypothesize  that  tidal  wetlands  create 
an  environment  suitable  for  survival  or  growth  of  coliforms.  6 
figs. ,  29  refs. 


Jones,  G.  1964.  Effect  of  chelating  agents  on  the  growth  of 
Escherichia  coli  in  seawater.   J^  Bacteriol.  87:483-499. 

Evidence  was  found  for  the  toxicity  of  heavy  metals  toward  E. 
coli  in  natural  seawater.  Heavy  metals  appear  to  inhibit  growth 
but  not  respiration.   13  figs.,  59  refs. 


Kadlec,  R.  H.  and  D.  L.  Tilton.   1979.   The  use  of  freshwater 
wetlands  as  a  tertiary  wastewater  treatment  alternative.  CRC 
Critical  Reviews  in  Environmental  Control   9:185-212. 

Extensive  review  article  of  research  on  use  of  freshwater  wet- 
lands for  sewage  treatment.  Includes  information  on  removal  of 
nutrients,  bacteria  and  viruses.   71  refs. 
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Kaneko,  T.  and  R.  R.  Colwell.  1975.  Adsorption  of  Vibrio 
parahaemolyticus  onto  chitin  and  copepods.  Appl.  Microbiol. 
29:269-274. 

V. parahaemolyticus  was  found  to  adsorb  onto  chitin.  E.  coli  and 
Pseudomonas  f luorescens  did  not.  Adsorption  efficiency  greater  in 
lower  salini  ty  water.   Adsorption  is  one  of  major  factors  in 
determining  distribution  of  V^  parahaemolyticus  in  estuary. 
6  figs,  13  refs. 


Kapuscinski,  R.  B.,  and  R.  Mitchell.  1983.  Sunlight-induced 
mortality  of  viruses  and  Escherichia  coli  in  coastal  seawater. 
Environ.  Sci.  Technol   17:1-6. 

Solar  radiation  can  be  an  important  agent  controlling  the  distri- 
bution and  abundance  of  E.  coli  and  viruses  in  seawater.  Wave- 
lengths >  370  nm  can  cause  mortality.  The  depth  for  a  10-fold 
reduction  exceeds  5m  even  in  productive  water.   6  figs.,  48  refs. 


Ketchum,  B.  H.,  J.  C.  Ayers  and  R.  F.  Vaccaro.  1952.  Processes 
contributing  to  the  decrease  of  coliform  bacteria  in  a  tidal 
estuary.  Ecology  33:247-258. 

Dilution,  predation  and  the  bactericidal  action  of  seawater 
account  for  more  than  99%  of  the  decrease  in  coliform  bacteria 
numbers;  of  these,  bactericidal  action  is  most  important.   9  figs, 
17  refs. 


LaBelle,  R.  L. ,  and  C.  P.  Gerba.  1979.  Influence  of  pH, 
salinity  and  organic  matter  on  the  adsorption  of  enteric  viruses 
to  estuarine  sediment.   Appl.  Environ.  Microbiol.   38:93-101. 

Greater  than  99%  of  enteric  viruses  added  to  estuarine  sediment 
became  adsorbed  to  sediment;  this  association  may  play  a  major 
role  in  viral  hydrotransportation  and  survival.  The  presence  of 
soluble  organic  matter  in  the  form  of  secondary  sewage  effluent 
or  humic  acid  did  not  effect  the  pattern  of  adsorption.  14  figs., 
29  refs. 


LaBelle,  R.  L.  and  C.  P.  Gerba.  1980.  Influence  of  estuarine 
sediment  on  virus  survival  under  field  conditions.  Appl. 
Environ.  Microbiol.   39:749-755. 

Virus  adsorption  to  sediment  greatly  increased  survival  time.  The 
time  required  to  inactivate  99%  (T-99)  of  poliovirus  increased 
from  1.4  days  in  seawater  alone  to  6  days  for  virus  adsorbed  to 
sediment  at  an  unpolluted  site;  at  a  polluted  site  T-99  increased 
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from    1    h   to    4.25   days   by  virus  adsorption  to  sediment.    3   figs., 
2  5   refs. 
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factors,     bacterial    indicators    and    the    occurrence    of    enteric 
viruses    in    estuarine    sediments.    Appl.    Environ.    Microbiol.    39: 
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Statistical  analysis  of  the  relationship  between  viruses  in  sea- 
water  or  in  sediment  and  other  variables  measured  yielded  only 
one  significant  association:  the  number  of  viruses  in  sediment 
was  found  to  be  positively  correlated  with  the  number  of  fecal 
coliforms  in  the  sediment.  Viral  numbers  in  sediment  were  not 
correlated  with  total  coliform  or  Clostridium  in  sediment  or 
water;  or  with  fecal  coliform  in  water;  or  with  pH,  turbidity, 
rainfall,     or    salinity.      5    figs.,     41    refs. 


LaBelle,  R.  L.  and  C.  P.  Gerba.  1982.  Investigations  into  the 
protective  effect  of  estuarine  sediment  on  virus  survival. 
Water    Res.     16:469-478. 

Study  using  Polivirus  1  (LSc  strain).  Sediment  was  capable  of 
protecting  virus  from  inactivating  effects  of  microorganisms, 
heat  and  salt.  Anaerobic  environment  did  not  influence  virus 
survival.  Addition  of  bacterial  nutrients  enhanced  virus  survi- 
val, possibly  by  virus  adsorption  to  resulting  bacterial  popula- 
tions; however  organic  material  naturally  present  in  sediment  did 
not  enhance  virus  survival  in  seawater.  Virus  adsorption  to 
sediment  appears  to  be  the  most  important  interaction  that 
retards    virus    inactiva tion.     10    figs.,     38    refs. 


LaLiberte,    P.    and   D.   J.   Grimes.      1982.      Survival   of   Escherichia 
col i    in    lake    bottom    sediment.       Appl.    Env  i  ron.    M i  crobiol. 
43:623-628. 

The   study   demonstrated   the  extended  survival   of   sediment-bound 
E.    coli,    in   both   sand   and   silty-clay    sediments.    3    figs.,    39    refs. 


Landry,  E.  F.,  J.  M.  Vaughn,  T.  J.  Vicale  and  R.  Mann.  1983. 
Accumulation  of  sediment-associated  viruses  in  shellfish. 
Appl.    Environ.    Microbiol.      45:238-247. 

Shellfish  accumulation  of  sediment-bound  viruses  was  minimal  when 
sediments  remained  undisturbed.  Incidence  of  viral  uptake  by 
shellfish  was  higher  when  sediments  were  intentionally 
resuspended.    Study   suggests    that   virus   sampling   be   conducted  near 
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the    sediment-water    interface    rather    than    mid-depth   or    at    the 
surface.    6    figs.,    20    refs. 


Lessard,  E.  J.,  and  J.  M.  Sieburth.  1983.  Survival  of  natural 
sewage  populations  of  enteric  bacteria  in  diffusion  and 
batch  chambers  in  the  marine  environment.  Appl.  Environ. 
Microbiol.    45:950-959 

Survival  of  E^  coli  and  enterococci  were  correlated  with  tempera- 
ture. In  relatively  low-nutrient  estuarine  waters,  temperature 
may  exert  major  control  on  coliform  populations.  Enterococci 
survived  longer  than  E^  coli  in  the  estuary,  but  less  well  in  the 
more    eutrophic    salt    marsh.      7    figs.,    44    refs. 


Liew,  P.  F.  and  C.  P.  Gerba.  1980.  Thermostabilization  of  entero- 
viruses by  estuarine  sediment.  Appl.  Environ.  Microbiol.  40:305- 
308. 

Polio  1  and  Echo  1  viruses  evaluated.  Poliovirus  survival  was 
prolonged  at  24  and  37  C  but  not  at  4  C  in  the  presence  of 
sediment.  Prolonged  survival  was  likely  due  to  adsorption.  Polio- 
virus  detected  on  day  33  at  24  C  with  sediment  but  not  at  day  18 
without.  Adsorption  of  enteroviruses  to  estuarine  sediment 
protects   against   thermal   deactivation.    5    figs.,    17    refs. 
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Early    paper      indicating    that    seawater    showed    definite    virucidal 
property    hypothesized    to   be   due    to   the   combined  effect   of    its 
chemical   composition  and      an   unknown   inhibitory    substance. 
6    figs.,    15    refs. 
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indicators  and  other  microorganisms  in  river  sediment.  JWPCF 
50:13-19. 

Higher  numbers  of  microorganisms  found  in  sediments  than 
overlying  waters;  populations  found  were  sufficient  to  be 
considered  a  health  hazard  under  existing  standard  indicator 
densities.   Discusses  role  of  resuspension  of  sediments. 
10  figs.,  21  ref s. 
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when  protozoa  were  present,  and  to  104  bacteria  per  ml  when  no 
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McCambridge,  J.,  and  T.  A.  McMeekin.  1981.  Effect  of  solar 
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tors and  solar  radiation  than  when  either  factor  acted  independ- 
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at  least  4  months  during  the  winter  season.   8  figs.,  19  refs. 
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Escherichia    coli    by    marine    microorganisms.    Nature    215:891-8932. 

Supports  a  hypothesis  that  indigenous  microflora  play  a  major 
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In  seawater,  mortality  rate  of  coliforms  was  approximately 
doubled  by  a  10  C  rise  in  temperature.  The  resistance  of  coli- 
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fecal  coliform  in  stream  sediments  and  turbidity  for  freshwater 
streams  feeding  a  Puget  Sound  estuary.  Authors  show  that  fecal 
coliform  was  capable  of  becoming  acclimated  to  a  freshwater 
stream  environment  and   was   reproducing.      7    figs.,    7   refs. 


Tsai,  S-C,  R.  D.  Ellender,  R.  A.  Johnson,  and  F.  G.  Howell. 
1983.  Elution  of  viruses  from  coastal  sediments.  Appl.  Environ. 
Microbiol.      46:797-804. 

Variations  in  the  ability  to  elute  viruses  off  sediments  were 
due  to  differences  in  pH,  virus  types  and  composition  of 
sediments. 


Vaccaro,  R.  F.,  M.  P.  Briggs,  C.  L.  Carey,  and  B.  H.  Ketchum. 
1950.  Viability  of  Escherichia  coli  in  sea  water.  American  J. 
of    Public    Health.       40:1257-1266. 

Bactericidal  properties  of  raw,  fresh  seawater  exhibited  seasonal 
variation;  the  time  required  for  the  disappearance  of  90%  of 
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columns  at  a  number  of  infiltration  velocities.  Tertiary  treated 
effluent  showed  best  adsorption;  adsorption  was  poor  for 
secondary  effluent,  probably  due  to  increased  organic  content. 
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amount  of  information  on  virus  survival  in  soil  is  very  limited, 
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fecal   streptococci   and    total    bacteria    were    decreased   by   99.9%. 
6    figs.,    19   refs. 


24 


Goyal,  S.  M.  and  C.  P.  Gerba.  1979.  Comparative  adsorption  of 
human  enteroviruses,  simian  rotavirus,  and  selected  bacterio- 
phages   to    soils.     Appl.     Environ.     Microbiol.      38:241-247. 

Viral  adsorption  to  soil  shows  high  variability  among  viral 
types,  and  among  different  strains  of  the  same  virus.  Adsorption 
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receiving  waters,  and  stormwater  management  and  runoff  controls. 
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cleaning  as  methods  for  abatement  of  nonpoint  stormwater  pollu- 
tion. 
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